1. Introduction {#sec1}
===============

Lots of cancer patients would experience pain during the treating procedure, and pain occurs for about 80--85% patients with unresectable pancreatic carcinoma \[[@B1], [@B2]\]. Pain is the most prominent clinical symptom in pancreatic cancer patients and the increasing pain would significantly decrease the patients\' life quality and emotion state \[[@B3], [@B4]\]. Nowadays, percutaneous ablation therapies, such as cryosurgery and radiofrequency ablation (RFA), become more and more popular in cancer treatments among nonsurgical patients.

Irreversible electroporation (IRE) is an emerging, nonthermal percutaneous technology which takes advantage of high voltage electric field to create "nanopores" in the membrane of the target cells, thus damaging the balance inside and outside these cells which can lead to the necrosis of the cells in the end. Compared with other minimally invasive ablation techniques, IRE has its own unique advantages, including preservation of vital structures, being uninfluenced by thermal sinks, and short ablation time \[[@B5]--[@B8]\]. IRE has been used in the treatment of many kinds of cancer, especially pancreatic carcinoma, and proved to be a safe and an efficient ablation technology \[[@B9], [@B10]\].

Previous study has suggested that IRE is comparable to RFA in the amount of pain that patients with hepatocellular carcinoma would experience \[[@B11]\]. However, our clinical team still believe the opinion that, compared with other ablation technologies, IRE has shorter ablation time which may result in less postprocedure pain and ablation-associated complications \[[@B12]\]. As a result, this study was supposed to analyze the postprocedure pain among patients who underwent IRE and cryoablation for the treatment of pancreatic carcinoma, respectively.

2. Materials and Methods {#sec2}
========================

2.1. Patients {#sec2.1}
-------------

All enrolled patients were pathologically diagnosed with pancreatic cancer and received IRE ablation or cryotherapy. There was no control group. This study was examined and approved by the Medical Ethical Review Board of a local hospital. We reviewed 48 patients with locally pancreatic carcinoma underwent IRE (22 patients) and cryosurgery (26 patients) from March 2014 to May 2016 in a local hospital. In the IRE group, there were 14 males and 8 females, aged from 34 to 75 years old, with a median age of 62 years. The tumor size ranged from 2.5 to 11 cm in the largest diameter with the mean ± SD diameter of (5.25 ± 2.29) cm. In the Cryosurgery group, there were 18 males and 8 females, aged from 27 to 75 years old, with a median age of 57.7 years old. The mean ± SD diameter of the tumor was 4.98 ± 2.13 cm, ranged from 1.6 to 12 cm. Three patients in the IRE group and five patients in the Cryosurgery group received two ablation sessions, and all the other patients in both groups received single ablation session. In all the patients, the diagnosis was determined through ultrasound, computed tomography (CT), MRI imaging, and pathological examination. All the patients\' situations were under careful evaluation by our clinical team and were considered to be unresectable.

2.2. IRE {#sec2.2}
--------

All the patients were under general anesthesia with sevoflurane, fentanyl, and deep neuromuscular blockade and received percutaneous irreversible electroporation in a supine position. CT was utilized to guide the IRE probes to insert into the target tumors; once the 19 G monopolar probes were in the targeted place, we performed the NanoKnife IRE generator (AngioDynamics, NY) with the use of electrocardiographic synchronization to avoid cardiac arrhythmias. Ablation was performed with the voltage of 1,500--3,000 kV, 1.5--2 cm electrode exposure and 1.5--2 cm electrode spacing. The tumors\' characteristics determined the number of treatment activations and the placement styles of the electrodes to achieve complete tumor ablation.

2.3. Cryosurgery {#sec2.3}
----------------

Cryosurgery was performed through percutaneous or intraoperative approaches. We used Israel Galileo cryoablation surgery system (Cryo-Hit™) and 1.4 mm cryoprobes. A variable number (one to eight) of cryoprobes determined by the diameter of tumors were inserted into the tumors with the assistance of the ultrasound. For the tumors less than 3 cm, a single probe was feasible; when the tumors\' diameter ranged from 3 to 5 cm, 2--4 probes were necessary, whereas larger lesions required more probes. When the probe tip was 0.5 cm away from tumor edge, we started the double cycle of freeze/thaw procedure. The freezing process lasted 10--15 min (−160°C ± 10°C) and formed the ice ball to encompass the entire mass of the tumor with at least a "0.5 cm safe border." Then the thawing process lasted 3--5 min (25°C ± 5°C). As 2 or 3 freeze/thaw cycles were finished, we removed the cryoprobes and used the thrombin-soaked Gelfoam to pack the frozen tract to control bleeding.

2.4. Neurolytic CPB {#sec2.4}
-------------------

All the patients in the two groups were under celiac plexus block (CPB) treatment to alleviate the postprocedure pain. The needle insertion sites in which 4-5 mL, 1% lidocaine was injected were 3.0--5.0 cm away from the midline at the T11-L1 intervertebral disc level. With the assistance of the CT scan, a 23 G needle inserted through the predetermined insertion site toward the intervertebral disc until the tip of the needle penetrated it. After confirmation of the needle placement, 1 mL, 10% lidocaine with 3 mL contrast medium was injected. We observed the spread of the contrast medium and the immediate pain relief degree of the patients. If the spread in the target area was sufficient and the pain relief satisfactory, 5--15 mL of 99.5% ethanol was injected through each needle 20 min after the lidocaine injection.

2.5. Data Collection {#sec2.5}
--------------------

Eastern Cooperative Oncology Group (ECOG) functional status scores were collected to assess the baseline health at the time of treatment. And each patient was noted if it was necessary to use analgesics or psychotherapeutics before the IRE or cryosurgery treatment. All the patients were monitored carefully by nurses and their 24 h pain was reported with an 11-point numerical rating scale. Pain was assessed in three periods of time (0--4 h, 4--12 h, and 12--24 h), and the peak pain score was recorded and used in our study. The patients\' postprocedure pain was also evaluated by the 24 h cumulative hydromorphone use from the patient-controlled analgesia pump. Complications that were associated with the treating procedure were also noted. Other data include the number of sessions in each patient, the number of electrodes used, and adjuvant therapy.

2.6. Statistical Analysis {#sec2.6}
-------------------------

Statistical analysis was performed using SPSS version 22.0 and any significant results were indicated by *P* \< 0.05. All the parameters, including patient demographics and treatment session characteristics, were analyzed by the Fisher\'s exact test (ECOG performance status, analgesics and/or psychotherapeutics, tumor clinical stage, and complications), the Chi-square test (sex, adjuvant therapy, and tumor location), and Student\'s *t*-test (age, lesion diameter, cumulative hydromorphone use, and pain score). Although some patients received two treatment sessions, each new admission was characterized with different pain score and total amount of hydromorphone.

3. Results {#sec3}
==========

All the parameters associated with the patients\' tumor characteristics, pain scale, and cumulative hydromorphone use were presented in [Table 1](#tab1){ref-type="table"}. There was no difference in age, sex, lesion diameter, tumor location, clinical stage of the tumors, ECOG performance, receipt of adjuvant therapy, and concurrent drug therapy between the two groups.

The number of sessions each patient received may differ in the tumors characteristics, such as size and location. The larger and more sensitive tumors which invaded the important structures required more sessions. The number of patients whose tumor located in the pancreatic head which was considered as sensitive was slightly more in the Cryotherapy group (12 in IRE group versus 15 in Cryotherapy group). As a result, the number of sessions treated was slightly more in the Cryotherapy group than in the IRE group (31 sessions in 27 versus 25 sessions in 22 lesions). There was no statistical difference in the clinical stage of the pancreatic carcinoma in the two groups (*P* = 0.9600). Furthermore, there was also no significant difference in the tumors size (mean ± SD, 5.25 ± 2.29 cm in IRE group versus 4.98 ± 2.13 cm in Cryotherapy group; *P* = 0.6922) between the two groups.

All the patients declared pain, and the pain scores range was similar in both groups (ranged from 1 to 8). Four patients (18.2%) in IRE group and seven patients (26.9%) in cryotherapy group had greater than 6 on pain scale. There was no significant difference in pain scores between the two groups, no matter the peak main scores (mean ± SD, 4.95 ± 1.94 in IRE group versus 4.85 ± 2.07 in Cryotherapy group; *P* = 0.5197) nor the pain scores recorded at different times during the first 24 h after procedure ([Figure 1](#fig1){ref-type="fig"}). The highest pain scores were generally noted in the 4--12 hours after procedure and gradually decreased in 12--24 hours, but the extent was not so obvious ([Figure 1](#fig1){ref-type="fig"}). Additionally, there was no significant difference in 24 h cumulative hydromorphone use between the two groups (mean ± SD, 3.89 ± 1.35 mg in IRE group versus 3.97 ± 1.60 mg in Cryotherapy group; *P* = 0.2995) and we also observed that the more pain patients experienced, the more hydromorphone they would like to use ([Figure 2](#fig2){ref-type="fig"}).

There was also no significant difference in the number of patients who underwent complications after procedure (3 in IRE group versus 2 in Cryotherapy group; *P* = 0.6492). Complications included gastroparesis (*n* = 1) and ascites (*n* = 2) in IRE group and ascites (*n* = 1) and pleural effusion (*n* = 1) in Cryotherapy group ([Table 2](#tab2){ref-type="table"}). As for the 3 patients who had ascites after procedure, we gave them a sufficient nutrition support and growth inhibition hormone therapy, and the ascites disappeared 5--14 d after procedure. The gastroparesis patient in IRE group recovered after 2 weeks\' enteral nutrition support therapy. The pleural effusion patient in Cryotherapy group was under thoracentesis and anti-infective therapy and the pleural effusion was controlled on the 6th day after cryosurgery.

4. Discussion {#sec4}
=============

Irreversible electroporation (IRE) is an emerging and promising minimally invasive technology for the ablation of solid tumors \[[@B13]--[@B15]\]. It does not rely on thermal energy, but electrical field to induce cell death while preserving normal extracellular matrix, such as vessels, bile ducts, and nerves \[[@B16]--[@B18]\]. The preservation of vessels and extracellular matrix make it possible for the tissue regeneration in the ablated area \[[@B19], [@B20]\], and it may result in a fast recovery time and less pain compared with other techniques.

A pain analysis study in patients with hepatocellular carcinoma conducted by Narayanan et al. \[[@B11]\] compared 21 patients who underwent IRE of 29 intrahepatic lesions in 28 IRE sessions with 22 patients who underwent RFA of 27 lesions in 25 RFA sessions. They concluded that both technologies could induce low level of postprocedure pain (no pain after 46.43% of IRE sessions and 1.96 ± 2.67 pain scores in IRE group) and IRE is comparable to RFA in the amount of pain patients experience. Additionally, there was no difference in the cumulative use of hydromorphone within 24 h after procedure between the IRE and RFA groups. Another study which aimed to identify IRE-related risks and appropriate precautions for anesthetic management also recorded the 24 h postprocedure pain in 28 patients who underwent 30 IRE sessions in the liver (*n* = 20), pancreas (*n* = 5), kidney (*n* = 1), and lesser pelvis (*n* = 2) \[[@B21]\]. This study revealed that the postprocedure pain within 24 h after IRE treatment was mild in the liver, kidney, and lesser pelvis with a mean maximum reported VAS score of 3 (0--9 range). However, as for the pancreas, the pain was severe with a mean maximum VAS of 4 (2--9 range). Our findings were similar with this, with no patients declaring pain in the two groups, and the maximum VAS score (mean ± SD) noted within 24 h after IRE was (4.95 ± 1.94) (range 1--8). Four patients in IRE group had greater than 6 on pain scale. Besides, the patients\' cumulative hydromorphone use in our study in both groups was much more than that in Narayanan et al.\'s study \[[@B11]\] which was (1.54 ± 2.00) mg in IRE group and (1.24 ± 1.19) mg in RFA group.

Pancreatic cancer is one of the most common cancers of the digestive system, and many patients with this malignant tumor cannot be treated by complete resection due to surrounding invasion or distant metastasis. Pain is the main symptom of the patients with pancreatic cancer and severe pain would definitely decrease the quality of the patients\' life. It is reported that pain in pancreatic cancer patients is more likely caused by the invasive of tumors to retroperitoneal or visceral plexus \[[@B22]\]. As a result, the pain scale in pancreatic cancer patients reported in our study was much more than that in the patients with hepatocellular carcinoma reported in Narayanan et al.\'s study \[[@B11]\].

In our study, there was no significant difference in the maximum amount of pain patients experienced and the 24 h cumulative hydromorphone provided between the two groups. Cryosurgery is a promising percutaneous ablated therapy which has been widely used in the treatment of pancreatic cancer \[[@B23], [@B24]\]. Thus, comparing the amount of pain induced by IRE and cryotherapy is of great importance. We also noted that there was no difference in the amount of pain recorded at different times (0--4 h, 4--12 h, and 12--24 h) within 24 h after procedure. And the more pain patients experienced, the more total hydromorphone they would like to use.

This study was a retrospective, nonrandomized review of all patients with pancreatic carcinoma who underwent IRE and cryotherapy, and it has some limitations. We only evaluated and compared the postprocedure pain in a small number of patients in the two groups for a short time after procedure. The pain scores were collected at 0--4 h, 4--12 h, and 12--24 h, but the nurses did not record the pain scores at a stable time for every patient. In this case, the real peak pain scores might be missed and the recorded pain scores might be different if the patients increased the hydromorphone dosage. Additionally, we only noted the short-time postprocedure complications in both groups, but the long-time comorbidities were not recorded.

5. Conclusions {#sec5}
==============

Our study suggests that IRE is comparable to cryotherapy in the amount of pain that patients with pancreatic carcinoma experience and there is no significant difference in the 24 h cumulative hydromorphone provided in the two groups. However, further randomized trials are still necessary to be performed to confirm our results.
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![Comparison of the pain scores at different times between the two groups. There was no obvious difference of the pain scores in the two groups. The highest pain scores were noted in 4--12 hours after procedure and slightly decreased in 12--24 hours in both groups.](BMRI2016-2543026.001){#fig1}

![Comparison of peak pain scores with 24 h cumulative hydromorphone use between the two groups. Patients with more pain tended to use more hydromorphone.](BMRI2016-2543026.002){#fig2}

###### 

Clinical characteristics, complications, drug requirements, and pain scores of patients in the two groups.

  Parameter                     IRE            CRYO            *P* ^a^
  ----------------------------- -------------- --------------- -----------
  Number of patients            22             26               
  Number of lesions             22             27               
  Number of sessions            25             31               
  Age (years)                                                   
   Mean ± SD                    62.00 ± 9.79   57.69 ± 12.86   0.1738^c^
  Sex                                                           
   Male                         14 (63.64%)    18 (69.23%)     0.6820^b^
   Female                       8 (36.36%)     8 (30.77%)      
  ECOG performance status                                       
   0                            1 (4.55%)      3 (11.54%)      0.8510
   1                            19 (86.36%)    21 (80.77%)     
   2                            2 (9.09%)      2 (7.69%)       
  Adjuvant therapy                                              
   Yes                          13 (59.09%)    17 (65.38%)     0.7676^b^
   No                           9 (40.91%)     9 (34.62%)      
  Concurrent drug therapy                                       
   Analgesics                                                   
    Yes                         3 (13.64%)     3 (11.54%)      0.7676
    No                          19 (86.36%)    23 (88.46%)     
   Psychotherapeutics                                           
    Yes                         1 (4.55%)      4 (15.37%)      0.3569
    No                          21 (95.45%)    22 (84.62%)     
   Both                                                         
    Yes                         1 (4.55%)      3 (11.54%)      0.6142
    No                          21 (95.45%)    23 (88.46%)     
  Lesion diameter (cm)                                          
   Mean ± SD                    5.25 ± 2.29    4.98 ± 2.13     0.6922^c^
  Location                                                      
   Head                         12             15              0.8267^b^
   Body/tail                    10             11              
  Clinical stage                                                
   IIa                          1 (4.55%)      2 (7.69%)       0.9600
   IIb                          4 (18.18%)     3 (11.54%)      
   III                          14 (63.64%)    17 (65.38%)     
   IV                           3 (13.64%)     4 (15.38%)      
  Complications                                                 
   Present                      3 (13.64%)     2 (7.69%)       0.6492
   Absent                       19 (86.36%)    24 (92.31%)     
  Hydromorphone provided (mg)                                   
   Mean ± SD                    3.89 ± 1.35    3.97 ± 1.60     0.2995^c^
  Pain score                                                    
   Mean ± SD                    4.95 ± 1.94    4.85 ± 2.07     0.5197^c^

^a^ *P* values calculated by Fisher\'s exact test; ^b^ *P* values calculated by Chi-square test; and ^c^ *P* values calculated by Student\'s *t*-test.

###### 

Complications and clinical characteristics of the patients in the two groups.

  Patient number   Age (years)   Sex   IRE or CRYO   Location   Number of lesions   Clinical stage   Largest tumor diameter (cm)   Event
  ---------------- ------------- ----- ------------- ---------- ------------------- ---------------- ----------------------------- ------------------
  3                75            F     IRE           Head       1                   IIB              3.6                           Gastroparesis
  5                63            M     IRE           Body       1                   III              6.3                           Ascites
  11               70            M     IRE           Head       1                   III              2.5                           Ascites
  23               54            M     CRYO          Head       1                   IV               5.2                           Ascites
  30               66            M     CRYO          Head       1                   IV               4.8                           Pleural effusion
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